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Abstract 
In order to obtain the modification of a defined volume of a polymer layer, preliminary tests of sonication (HIFU 0.75 and 3 
MHz) were carried out to obtain an accurate characterization of the acoustic fields as well as convective flow velocities measured
close to the surface by Particle Image Velocimetry and luminol mapping. Then, sonication of a delimited zone of an acrylic resin
deposited upon a stainless steel thin substrate highlighted a strong dependence of the polymerization or reticulation degree, with 
different exposure times and different power thresholds for the same final modification. The point was to examine the ability of
the thin polymer film to absorb ultrasonic energy or to act as a perfect reflector which induces asymmetric cavitation and 
therefore violent collapses to take place close to the surface. In the first case, the wave absorption by the film is converted into 
heat and then acts for the polymer alteration under the high convective flow velocities. For the highest acoustic intensities and for 
the hardest films, cavitation occurs and the produced microbubbles oscillated and grow close to the surface. Then, the shocks 
resulting of the bubble collapse eroded mechanically the film. 
PAC`S:81.70q; 81.05zx 
Keywords: High Intensity Focused Ultrasound; polymer, films; surface sonication; sonochemiluminescence, Partiucle Image Velocimetry, 
tomography. 
1. Introduction 
In diagnostic ultrasound (non-destructive material testing, medical imaging etc.), intensity should be kept low, so 
as not to change or destroy the studied material or tissue. However in sonochemical applications, intensities higher 
than the cavitation threshold should be reached at the proper point in the reactor. Recent evolutions in technology 
allow the possibility to focused high power ultrasound by a geometrical bending of the transducer, which is of great 
interest in a new field of applications in medical treatments such as cancers treatment or kidney stones removal. 
Rarer are the use of such new tools for surface treatments. The precise localization of the acoustic active zone on the 
restricted surface is very promising in order to modify physical or chemical properties in a delimited area. The 
Institute UTINAM is involved since a long time in surface treatment and preparation, and one research axis consists 
in the influence of ultrasonic wave in organic coating, as polymer or resin film. Therefore, the interaction between 
the wave and the polymer film will be studied in the present work. Nevertheless, mechanisms involved in the 
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interaction between wave and polymer need the knowledge of the exact quantity of energy deposit in the studied 
volume. This leads us to a complete study and characterization of the reactor throughout wave propagation 
description. Indeed, interactions between water and ultrasound wave induce specific phenomena (acoustic 
streaming, cavitation) and are able to act on the polymer layer. Zones with high cavitational activities as well as 
highly sonochemically actives (free radical generation) were identified while fluid velocities are measured in the 
whole reactor. Finally, first shoots on acrylic thin layer deposited on a stainless steel substrate are presented and 
confirm the dependence to the acoustic properties of the film. 
2. Material and methods 
Instrumentation: all experiments are performed with two composite HIFU designed by IMASONIC (Besançon, 
France). The first is a 3 MHz (Tfc3000) transducer with a 40 mm geometrical focal length, while the second 
operates at a frequency of 750 kHz (Tfc750) with a 100 mm geometrical focal length. Ultrasounds are emitted in a 
cylindrical sonoreactor of Pyrex, equipped with a displacement system with four degrees of freedom; three 
translations guided by micrometric screws and one rotation axis in order to avoid reflections toward the transducer.  
Operating procedures: Cavitation bubbles are visualized due to the dispersion of incident laser beam, so that 
zones with high bubble density appear brighter. An Argon laser Continuum Nd-Yag (532 nm) beam is converted 
into a vertical static plane sheet of light which enables study of a chosen 2-D zone anywhere in the reactor. Images 
are collected by a fast camera CCD Sensicam PCO 12-bit (1280 x 1024 pixels) and give pictures of bubbles [1]. 
Sonochemical activity is measured by Sonochemiluminescence (SCL) of Luminol (3-aminophthalhydrazide) 
Generation of free radicals and hydrogen peroxide by symmetric collapse of inertial bubbles induces oxidation of 
Luminol molecules which produces emission of a photon (430 nm: blue color). This technique is used for 
quantification of sonochemical activity. SCL pictures with Jpeg file extension are post-treated numerically by 
Matlab® to measure the quantity of photons emitted versus the distance to the transducer.  
The Fricke dosimetry method allows quantification of production of free radicals and hydrogen peroxide produce 
by homolytic scission of water molecules due to inertial cavitation collapse [1, 2]. The Fricke solution consists of 
Fe(SO4)2(NH4)2,6H2O (0.25 mM), H2SO4 (0.4 M) and NaCl (1mM). The sampling absorbance (304nm) is measured 
by UV spectrometer (HITACHI U-2001®), the concentration of solution in Fe3+ is determined as a function of 
absorbance. The sonochemical yield has been calculated according to the Iida equation [2]. 
The Particle Image Velocimetry technique (PIV) is an optical visualization method dedicated to velocity 
measurements by determining particle displacement over time using a double-pulsed laser technique. The liquid 
media needs to be seeded by tracers. A laser light sheet illuminates a plane in the flow, and the positions of particles 
in that plane are recorded using a digital camera. A fraction of a second later, another laser pulse illuminates the 
same plane, creating a second particle image. From these two images, analysis algorithms obtain the particle 
displacements for the entire flow region pictured (INSIGHT 3D). The flow velocity field can then be obtained at 
many locations in this plane (typically 100 x 100 vectors).  
3. Acoustic field characterization  
Cavitation bubbles behavior: in the case of low power ultrasound or presence of rigid boundaries (reflector located 
in the propagation field), a standing wave system takes place in the sonoreactor. In the first moment of irradiation, 
cavitation bubbles appear at the focal or are arranged into pressure antinodes (figure 1) and stay in the same arc of 
circle. They are generated, then grow, coalesce or collapse within this defined location, finally form clusters of large 
bubbles at the focal.  
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Fig.1  cavitation field of Tfc3000 (60 W)
When higher powers are applied to our transducers or in the specific case of free interface irradiation or pulsed
emission, behavior of the cavitation bubbles completely changes. It is impossible to observe the establishment of 
standing waves and the bubbles are no longer located in restricted areas. Rather they follow a global movement in
the propagation wave direction in the reactor axis with recirculation flows at the walls. Bubbles located upstream 
from the focal are numerous and very small size in size, resembling a dust cloud. When they cross the focal, bubbles
coalesce and finally form long trails grouped on the propagation cone outer layer, whereas the post focal zone
directly on the wave axis has fewer bubbles.
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Fig.2 dynamic of cavitation bubbles for high power irradiation. The transducer is at the bottom of the picture
Fricke’s dosimetry: The efficiency yield measurements obtained by Fricke’s dosimetry estimate chemical reactivity
of the inertial cavitation bubbles in the whole reactor. In all cases, yield is virtually constant whatever the
transmitted power (8.3±0.5).10-10 mol.J-1. This ‘saturation’ phenomenon has been previously observed for flat
transducers by Mark [3].
SCL pictures: Pictures were recorded for increasing powers (figure 3) and the general shape of the SCL is conical.
At low powers, cavitation activity is reduced and focused just below the focal, with only two trails of light beyond.
In this case, global intensity increases with power, and beyond 30 W active zones grow on either side of the focal. 
Nevertheless, an absence of SCL can be noted in the focal vicinity as well as in the downstream acoustic axis and in
the neighborhood of the transducer. This point is not surprising for the zones located close to the emitting surface or
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the downstream one because of the few bubbles present in the tomographic pictures (figure 2). Both zones
correspond to well-known low levels of acoustic energy, the first because focalization and therefore energy gain are
not sufficient to induce cavitation, and the second due to the energy losses induced by bubble density at the focal. 
On the contrary, it is more difficult to give an obvious explanation for SCL quenching at the focal because at the
same time, a high concentration of bubbles is observed. The high bubble concentration in this zone will certainly
favor interactions as in the case of collapse in the surface vicinity. On the other hand, the high velocities occurring at
the focal and immediately downstream will lead to bubble deformation due to viscous frictions. In both cases, the
collapse will be asymmetric and therefore insufficient for free radical production.
Fig.3  SCL for different power, irradiation of a free surface
Acoustic streaming measurement:
Velocity vector fields show in figure 4 (Tfc750 and Tfc3000) for an input power of 20 W present a conical shape for
both transducers, with maximal speeds in the propagation axis. A whirling recirculation flow can be observed close
to the reactor walls. Then, modules are deduced from these vectors fields as a function of the input powers, and their 
evolution are plotted for both transducers.
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Fig.4 champs de vecteurs vitesses des courants acoustiques générés par les 2 HIFU à 20 W
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Tfc750: maximum axial speeds are located between 70 and 80 mm from the transducer surface, i.e. in the
downstream of the acoustic focal, as observed in previous PIV and SCL measurements [4]. At the focal, no
dependence of the axial speed to the input power has been noticed, as if saturation is reach (around 130 mm.s-1). At 
the contrary, the axial speed increase in the transducers neighborhood.
Tfc3000: the same kind of observation can be made for this HIFU (zone for maximum ranged between 45 and
55mm), so in the upstream of the focal.
4. Irradiation of polymer 
Acrylic resin films were irradiated with different states of polymerization and cross linking. In the first case were
the film is not cross linked, (figure 5a), the wave absorption is converted into heat and the melted polymer is flowed
by the high convective stream velocities. For highest acoustic intensities and the hardest films: cross linked resin
(figure 5b), cavitation occurs and microbubbles oscillated and grow close to the surface. Then, the shocks resulting
of the bubble collapse eroded mechanically the film.
a b
Fig.5  irradiation of non cross linked (a) and cross linked (b) acrylic resin
5. Conclusion
The characterization of sonochemical and cavitational activities of our HIFU was performed and velocity fields
of acoustic streaming were recorded. Concerning the polymer films irradiation, we can note two mechanisms of
interaction: on one hand, fusion of the film by energy absorption and from another one, erosion of the surface due to
the implosion of cavitation bubbles. Finally, the phenomena generated by ultrasound in the propagation liquid
(acoustic streaming and cavitation) can both influence the films degradation and plenty justify the need of a 
complete characterization of sonoreactors.
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